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EgyptAbstract The distribution and abundance of epiphytic and planktonic Coolia monotis Meunier
along the Alexandria coast were studied through ﬁve annual cycles; from summer 2005 to summer
2010 at four sites: Abu Qir Beach, Stanly, Eastern Harbour and Mex Beach. The morphology of
C. monotis was characterised by noticeable small size specimens in the E.H., the D.V. diameter is
not exceeding 20 lm and width between 10 and 15 lm. On the other hand, the epiphytic specimens
showed a normal cell size. The species was most abundant as planktonic form in the E.H., reaching
15.2 · 103 cell l1 during summer 2010. The epiphytic forms showed lower density, with a maximum
of 454 cell g1 fwm during autumn 2005, 2006 and summer from 2007 to 2010. The ﬂuctuations of
cell abundance of C. monotis showed a signiﬁcant negative correlation with salinity and a weak
positive correlation with temperature.
This study represents the ﬁrst report of Coolia monotis Meunier in the Egyptian Mediterranean
waters.
ª 2014 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Introduction
In recent years, marine epiphytic dinoﬂagellates have been of
growing concern, as most of their species are potentially toxic
(Aligizaki et al., 2009). Coolia monotis is considered as a poten-
tial cause of seafood poisoning (Faust, 1995; Tamiyana et al.,2003; Lenoir et al., 2004). One strain of C. monotis was previ-
ously reported to produce a toxin named cooliatoxin (Holmes
et al. 1995). Other strains of C. monotis however have been
examined since, but with no toxins detected (Riobo´ et al.,
2004). No toxic activity of C. monotis was reported so far in
the Mediterranean Sea (Penna et al., 2005; Fraga et al.,
2008). Coolia was a monospeciﬁc genus since the ﬁrst descrip-
tion by Meunier (1919), with C. monotis as the type species.
Recently, four new species were added to the Coolia genus
namely; C. areolata, C. canariensis, C. malayensis and C.
tropicalis (Faust, 1995; Ten-Hage et al., 2000; Fraga et al.,
2008; Leaw et al., 2010). Coolia spp. shares their habitat
with the ciguatoxic species Gambierdiscus Adachi and Fukuyo
(Adachi and Fukuyo, 1979; Holmes, 1998; Fraga et al., 2008),
Ostreopsis Schmidt (Fukuyo, 1981; Besada et al., 1982;
20 A.A. IsmaelAligizaki and Nikolaidis, 2006) and Prorocentrum Ehrenberg
(Morton et al., 1998; Ten-Hage et al., 2000).
C. monotis is a cosmopolitan species broadly distributed in
temperate and tropical seas (Meunier, 1919; Balech, 1956;
Dodge, 1982; Faust, 1992; Ten-Hage et al., 2000; Aligizaki
et al., 2009). It is observed as an epiphytic species, attached
to coral rubble, adhering to sediment or in plankton samples
(Fukuyo, 1981; Norris et al., 1985; Faust, 1992; Ten-Hage
et al., 2000; Aligizaki et al., 2009).
The species is well documented in the Western Mediterra-
nean Sea both on macrophytes and in the water column (Meu-
nier, 1919; Halim, 1960; Taylor 1979; Tognetto et al., 1995;
Vila et al., 2001a, b; Sansoni et al., 2003; Penna et al., 2005;
Armi and Turki, 2010). However there are limited records of
C. monotis occurrence in the Eastern Mediterranean (Aligizaki
and Nikolaidis, 2006) and no records to date of its presence in
the Egyptian Mediterranean waters.
This study aims to investigate the distribution of Coolia
monotis Meunier along Alexandria coastal waters in relation
to some environmental conditions.
Material and methods
Study area
Four sites along Alexandria coast were surveyed seasonally
from summer 2005 to summer 2010. The 4 sites were Mex
Beach, Eastern Harbour (E.H.), Stanly and Abu Qir Beach
(A.Q.), which represent different environments (Fig. 1).
AQ site is characterised by exposed rocks extending 100 m
seaward from the coast. At the western edge the substrate con-
sists of chains of natural rocks surrounded by pools (Ismael,
2012; El-Zayat, 2012). These rocks provide excellent substrata
for a rich algal ﬂora. This particular site is subjected to waveFigure 1 Sample sites: (1) Abu Qir, (2) Stanlyaction. The Eastern Harbour of Alexandria (E.H.) is a shal-
low, semi-enclosed embayment covering an area of about
2.8 km2, located along the central part of Alexandria
(Fig. 1). The southern part of the harbour has been reinforced
by concrete blocks; the northern side is protected by an artiﬁ-
cial breakwater with eastern and western inlets. It is bordered
to the east by a land projection, El-Silsila, and to the northwest
by a long causeway (El Sayed and Khadr, 1999). El-Mex Bay
extends about 15 km between El-Agamy headland to the west
and the Western Harbour to the east, with a mean depth of
10 m. An exposed rocky area lies to the east of El-Umum-
Drain outlet. As a result, this site is directly affected by the dis-
charge of large volumes of drainage water via El-Umum Drain
consisting of agricultural runoff mixed with polluted Lake
Mariut overﬂow. Stanly is a semicircular embayment. The
hard substratum is represented by a curved low wall of con-
crete blocks surrounding a part of the Beach, for protection
and covered with sea water most of the time (El-Zayat, 2012).
Sampling and analysis
Macrophyte samples (100 g fresh weight) were hand collected
from depths between 0.5 and 1.5 m; afterwards placed in plas-
tic bags and ﬁlled to approximately 100 ml with local sea
water. Whenever possible, three samples of three different
macroalgal patches were collected. Additionally 1 L of sea
water was collected from each sampling site for phytoplankton
examination. Water temperature was determined in situ using
digital thermometer HANNA model Hi 96127 and salinity
was determined using Salitest HANNA model Hi 9820.
Macrophytes were vigorously shaken in order to detach the
epiphytic cells and the water was ﬁxed with 4% formaldehyde.
Macrophyte samples were weighed in order to determine their
fresh weight (GEOHAB, 2012). Samples were examined for the, (3) Eastern Harbour and (4) Mex Beach.
First record of Coolia monotis Meunier 21presence of epiphytic dinoﬂagellates, which were then counted
in an inverted microscope according to Utermo¨hl’s sedimenta-
tion method (Utermo¨hl, 1958). Epiphytic abundance of C.
monotis was expressed in cell g1 fresh weight of macrophytes
(fwm) or in cell l1 in case of water samples.
Species identiﬁcation
Species identiﬁcation was based on examination under a light
Olympus CH40 microscope and by epiﬂuorescence microscopy
(Fritz and Triemer, 1985) using a ﬂuorescent brightener 28
(Sigma–Aldrich Chemie GmbH, Steinheim, Germany). This
method was conducted in Hawaii University during a GEO-
HAB training workshop on ‘‘Taxonomy challenges and identi-
ﬁcation of benthic dinoﬂagellates’’. For detailed observations,
scanning electron microscopy (SEM) was employed. For SEM
preparation, Coolia samples were ﬁltered on 0.45 lm mem-
brane ﬁlters, washed with distilled water, dehydrated through
a graded ethanol series (30%, 50%, 70%, 90% and 100%)
for 10 min each. The ﬁlter was mounted to a stub (Standard
JEOL stubs) and coated with gold; samples were observed un-
der a JOEL-JSM-5300 microscope.
Statistical analysis
All data analyses were performed using STSTAT software ver-
sion 8. Two-way ANOVA was performed on log transformed
data (logn + 0.01) to test for signiﬁcant differences among sea-
sons and within stations.
Results
The seasonal water temperature during the present study
showed the same pattern at all sites (Fig. 2); it ranged from
16.1 to 30 C. On the other hand, salinity showed a different
trend among sites. Abu Qir and Stanly are much similar with
higher salinity values, 37.4–39.3 psu. The Eastern Harbour was
slightly lower with salinity ranging from 35 to 38.6 psu. Mex
Beach was characterised by remarkable ﬂuctuations in salinity
most of the period due to the discharge of waste water through
El-Umum Drain. It ranged from 20.9 to 38.6 psu (Fig. 3).0 
5 
10 
15 
20 
25 
30 
35 
su
m
m
er
05
 
au
tu
m
n 
w
in
te
r0
6 
sp
rin
g 
su
m
m
er
 
au
tu
m
n 
w
in
te
r0
7 
sp
rin
g  
su
m
m
er
 
au
tu
m
n 
Te
m
pe
ra
tu
re
 (o
C)
 
Se
EH AQ 
Figure 2 Seasonal variations of temperature (CIn addition to C. monotis, four species in 3 genera of harm-
ful epiphytic dinoﬂagellates were identiﬁed during the present
study. They are Gambierdiscus sp., Ostreopsis cf. ovata, Ostre-
opsis sp. and Prorocentrum borbonicum.
The morphology of C. monotis cells ﬁtted with the existing
taxonomical description in the literature (Plate 1). The species
is semispherical, anteroposteriorly compressed with plate for-
mula: P0, 3
0, 700, 50 00, 200 00, 1P. Cell size of the specimens recorded
in the E.H. ranged from 17 to 20 lm in DV diameter and 10–
15 lm in width (plate 1d). The thecal surface was smooth and
covered with sparsely scattered pores. The ﬁrst apical plate (10)
is large and occupies most of the left dorsal area. The cingulum
was lipped, narrow and enclosed by lists (Plate 1b and c). Api-
cal pore plate (P0) is small, slightly curved about 1.5–3 lm
(Plate 1g and h). The specimens recorded from A.Q., Stanly
and Mex with large cell size, ranged from 28 to 35 lm in DV
diameter and 25–30 lm in width (Plate 2) with P0 of 10 lm.
The distribution pattern of C. monotis showed that, the spe-
cies occurred only as epiphytic on macrophytes at three sites:
A.Q., Stanly and Mex Beach, while, in the E.H., it was com-
pletely absent from the macrophytes and recorded only from
water samples. The abundance of C. monotis showed large
ﬂuctuations during the period of study in A.Q. and Mex
Beach, its density ranged from 3 to 454 cell g1 fwm. The spe-
cies showed 5 peaks at A.Q. during autumn 2005, 2006, sum-
mer 2007, 2008 and 2010, while, four peaks were reported at
Mex Beach during summer 2005, 2009, 2010 and autumn
2005 (Fig. 4a). Stanly showed the lowest abundance not
exceeding 42 cell g1 fwm. On the other hand, the E.H. showed
a different trend, the abundance of the species is much higher
than that recorded as epiphytic at the three sites (Fig. 4b). It
ranged from 6–15.2 · 103 cell l1, with only two peaks during
summer 2007 and 2010.
ANOVA was applied to the abundance data of C. monotis
between sites and seasons, showing signiﬁcant differences be-
tween the 4 sites and seasons during the ﬁve years of study (Ta-
ble 1). Meanwhile, there is a signiﬁcant negative correlation
between cell density and salinity (t= 2.274, F-ratio = 2.645,
PP 0.077), and a weak positive correlation with temperature
(t= 0.414, F-ratio = 2.645, PP 0.68) as the peaks of the spe-
cies were recorded at temperature ranged from 25.8 to 30 C.
While, the proliferation of C. monotis at the E.H. and Mexw
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) at the four sampling sites during 2005–2010.
Plate 1 SEM of Coolia monotis from the Eastern Harbour. (A–C) Cingulum with lists, (D) plates 10, 600, 700, 10 00 of C. monotis, (E–F)
Trans-diameter of C. monotis and (G–H) P0 with plate 2
0.
Plate 2 Coolia monotis from Mex Beach. (A) Light microscope and (B–C) epiﬂuorescence microscope showing 1P, sulcus and cingulum
with lists.
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Figure 3 Seasonal variations of salinity (psu) at the four sampling sites during 2005–2010.
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Figure 4 Seasonal abundance of Coolia monotis in: (A) Abu Qir (AQ), Stanly and Mex Beach as cell g1 fwm (B) The Eastern Harbour
as cell l1.
Table 1 Probability results from two-way ANOVA based on
log transformed data at the four stations R= 0.842,
R2 = 0.709.
Source df F-ratio P
Stations 3 21.35 0.000
Seasons 20 4.109 0.000
Stations \ seasons 60 0.157 1.000
Abbreviations: df= degree of freedom, F= f statistic, P= prob-
ability value.
First record of Coolia monotis Meunier 23Beach was accompanied with low salinity; from 36.8 to
37.1 psu and 22 to 26.6 psu, respectively.
Discussion
Although many recent studies were concerned with the epi-
phytic harmful algae along the Egyptian coast, this study rep-
resented the ﬁrst record of C. monotis.
C. monotis is common in temperate, tropical and subtropi-
cal regions (Rhodes and Thomas, 1997). The wider geograph-
ical distribution of C. monotis has been attributed to the
greater temperature range that it survives (Rhodes et al., 2000).
C. monotis morphology of the specimens recorded during
the present study was in accordance with descriptions providedin the literature except for the cell size in the E.H. specimens.
Halim (1960), Fukuyo (1981), Penna et al. (2005) and Aligizaki
and Nikolaidis (2006), recorded that the cell size of C. monotis
ranges from 23 to 40 lm in DV diameter and 21–38 lm in
width with P0 from 9 to 12 lm. In addition, Armi and Turki
(2010) recorded a large size, 30–55 lm in DV diameter and
25–45 lm in width. During the present study, specimens sam-
pled from A.Q., Mex and Stanly have the same range of cell
size, while, the recorded specimens from the Eastern Harbour
were smaller. The appearance of small cells in Ostreopsis ovata
and C. monotis has been observed by Faust (1992) and Silva
and Faust (1995), who concluded that the role of small cells
in population is considered to be either to increase the popula-
tion by rapid divisions or to serve as gametes for subsequent
cyst formation. This was obvious during the present study,
as the proliferation of C. monotis in the E.H. consisted of small
cell sizes.
Halim (1960) recorded the species during spring as Ostreop-
sis monotis (Meunier) Lindemann from Villefranche. Armi and
Turki (2010) recorded the proliferation of species during spring
and summer. The abundance of C. monotis was recorded dur-
ing summer and autumn from the Eastern Mediterranean
(Zingone et al., 2006; Aligizaki and Nikolaidis, 2006). This is
in agreement with the present study as, the proliferation of
the species was recorded during autumn and summer. In addi-
tion, ANOVA showed signiﬁcant differences between seasons.
24 A.A. IsmaelThe distribution pattern of the species was completely different
among seasons. The lowest abundance of the species was re-
corded during winter and spring, while the highest abundance
during summer and autumn at different magnitudes. The dis-
tribution pattern of the species also showed signiﬁcant differ-
ences between the 4 sites; large ﬂuctuation was recorded at
A.Q. and Mex Beach, very low abundance at Stanly. While,
the E.H. is completely different, the species was recorded as
planktonic form and completely absent from the macrophytes.
On the other hand, Armi and Turki (2010) showed that the
species is eurythermal and euryhaline. They recorded the pro-
liferation of the species at temperatures ranging from 14.6 to
29.7˚C, with salinity ranging from 37.8 to 42.6 psu. They con-
cluded that temperature and salinity are the main determining
factors in the proliferation of C monotis, with a strong positive
correlation between the proliferation of Coolia and tempera-
ture and low correlation with salinity. The present study is in
agreement with their results, as the occurrence of the species
showed a wide range of temperature and salinity. The ANO-
VA results are different. The present study showed a signiﬁ-
cant negative correlation between the abundance of C.
monotis and salinity, the peaks of the species at the E.H. and
A.Q. were recorded at low salinity. This negative correlation
is compatible with the work of Delgado et al. (2006) in the
northwestern coast of Cuba and Parsons and Preskitt (2007),
in the Hawaiian water. They recorded that there is a negative
correlation between the epiphytic harmful dinoﬂagellates and
salinity, especially Coolia and O. ovata. They showed that
the abundance of the species increased with the contribution
of freshwater.
Conclusions
C. monotis is a widespread bloom forming dinoﬂagellate found
in many coastal waters and estuaries around the world. As the
blooms of epiphytic potentially harmful dinoﬂagellates seem to
expand globally, more attention should be given to epiphytic
dinoﬂagellates in the Egyptian waters. The environmental im-
pacts of C. monotis, its ability to adapt to various natural con-
ditions, as well as its potential to produce bioactive
compounds that may affect ﬁsh, shell ﬁsh or human health will
be our core study in the future.
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